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Tuesday, February 5, 2013 513acompared to unmodified fibrin fibers which were found to stretch to 2.47 times
their original length. From these results it is expected that synthetic B-knob
concentration impacts the mechanical properties of modified fibrin fibers.
The binding constants for AHRPYAAC were found to be 30.3 mM and
80.1 mM while the binding constants for AHRPYAAC-Peg were found to be
1.75 mM and 57.2 mM.
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Polymerization of a mutated form of antitrypsin is postulated to cause serpin-
opathy, a rare and incurable genetic disease. Antitrypsin is the canonical
member of the serpin superfamily of structurally homologous proteins with
metastable native structures. Most of serpins, including antitrypsin, are regu-
lators of serine and cysteine protease cascades, and protect tissues from exces-
sive actions of extracellular proteolytic enzymes. Polymerization of the
mutant Z variant of antitrypsin results in the ‘‘loss of function’’ proteolytic
damage of lungs, or in the ‘‘gain of function’’ degeneration of liver cells,
loaded with toxic polymers. The understanding of polymerization mechanism
holds the key to disease prevention, diagnostics and cures. However, metasta-
bility of serpins and complexity of their polymers makes structural studies
a difficult task. There are several models of polymerization, based on
in vitro studies and molecular modeling, however their relevance to in vivo
polymerization and disease etiology has not been established. Here we em-
ployed atomic force microscopy (AFM) to compare topography of in vitro
and in vivo formed antitrypsin polymers and oligomers. We found that com-
monly used in vitro methods to induce polymerization result in formation of
topographically a very diverse population of oligomers. Most, if not all classes
of the in vitro formed oligomers corresponded to similar classes of oligomers
isolated from liver. The in vitro polymerization, however did not produce long
strands of polymerized antitrypsin. The presence of such strands is the most
striking feature in liver cells of human serpinopathy patients and in a mouse
model. Here, we report results of our scanning probe microscopy structural
analysis of long serpin polymers and propose the mechanism of their
formation.
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AFM nano-indentation is used to evaluate micro-mechanical properties of
biological samples. However, such samples often have multi-components
with heterogeneous properties, whereas traditional data analysis yields an ag-
gregate modulus that may not represent the individual constituents. This study
aimed to develop an analysis technique that can extract individual elastic mod-
uli from AFM indentation tests on heterogeneous multi-layered samples.
Building on a modified homogenization theory (Li, Acta Mechanica, 2005),
finite element modeling (FEM) was used to simulate the indentation response
of layered samples and determine the relationship between equivalent volume
ratio (fU) versus indentation depth (D), and to examine whether the relative
substrate (E1) and inclusion (E2) properties could be extracted from depth-
dependent apparent modulus values (Epw vs. D). To validate the FEM, two-
layered polydimethylsiloxane (PDMS) samples were fabricated with a top
5-um thick inclusion on a 50-um substrate layer, and were indented to 3-um
depth with a 15-um spherical-tipped silicon probe. Our computational studies
indicated that fU vs. D was highly influenced by the inclusion and indenter ge-
ometries, but was insensitive (<10% variance) to component properties. Thus,
for a given indentation configuration, an average fU vs. D relationship was
used as a master curve. Next, E1 and E2 were de-homogenized by combining
the Epw and master curves to obtain Epw over a range of fU, yielding estimates
of E1 and E2 with the coefficient of variation <10%. The ratio of experimen-
tally recovered E2 to E1 was 0.6650.14 (n=3) for the soft inclusion on stiff
substrate (E2<E1), which was consistent (<5% error) with a ratio of
1.4550.18 (n=4) for the stiff inclusion on soft substrate configuration (E2>
E1). Thus, our proposed method extracted heterogeneous properties of
double-layered PDMS, and provides an approach to study layered biological
samples using AFM indentation.2629-Pos Board B648
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The ability to understand the mechanical properties of microalgae is extremely
important in diverse applications. To obtain a better comprehension of algae
cell response, we mechanically characterized single Scenedesmus dimorphus
cells to understand their structural response. To accomplish this, we used
atomic force microscopy to image dry S. dimorphus cells, which enabled us
to map the AFM measurements to a location on the individual cells. We
were then able to perform force measurements on the AFM to determine the
Young’s modulus of S. dimorphus. These findings are enabling us to under-
stand mechanical properties of a single Scenedesmus dimorphus cell, which
may be useful in areas such as energy.
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Curli are adhesive surface fibers produced by many Enterobacteriaceae, such as
Escherichia coli and Salmonella enterica. They are implicated in bacterial at-
tachment and invasion to epithelial cells. In this study, atomic force microscopy
was used to determine the effects of curli on topology and mechanical proper-
ties of live E. coli cells. Young’s moduli of both curli-deficient and curli-
overproducing mutants were significantly lower than that of their wild-type
strain, while decay lengths of the former strains were higher than that of the
latter strain. Surprisingly, topological images showed that, unlike the wild-
type and curli-overproducing mutant, the curli-deficient mutant produced
a large number of flagella-like fibers, which may explain why the strain had
a lower Young’s modulus than the wild-type. These results suggest that the me-
chanical properties of bacterial surfaces are greatly affected by the presence of
filamentous structures such as curli and flagella.
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Fibrin fibers are the major structural component of a blood. their properties af-
fect wound healing and diseases, such as heart attacks and strokes. Working
with purified fibrinogen, we have found in recent years that fibrin fibers have
extraordinary extensibility and elasticity 1,2.
Working with clots formed from plasma, we have now begun to correlate the
mechanical properties of single fibrin fibers with diseases. This work provides
a new approach to understanding blood clotting and related diseases. using
a combined atomic force microscopy (AFM)/optical microscopy technique
we determined the mechanical properties of single fibrin fiber of individuals
who have cardiovascular disease (CVD), diabetes, or who have undergone an
acute bout of strenuous exercise. We found that fibrin fibers from old individ-
uals with CVD are much more stretchable (~1.5 times), elastic (~1.4 times) and
much stiffer (higher modulus) than those from healthy people. Moreover, we
found that acute exercise also has a significant effect on fibrin fiber mechanical
properties; fibrin fiber extensibility decreases significantly after exercise. Dia-
betes does not have a significant effect on single fibrin fiber mechanical prop-
erties. However, in the diabetes data we saw a correlation between fibrinogen
concentration and fiber stiffness; fibrin fibers become stiffer as fibrinogen con-
centration increases.
1. Liu, W., et al. (2010) ‘‘The mechanical properties of single fibrin fibers’’, J.
Thrombosis and Haemostasis 8, 1030-1036.
2. Liu, W., et al. (2006) ‘‘Fibrin Fibers have Extraordinary Extensibility and
Elasticity’’ Science 313, 634
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514a Tuesday, February 5, 2013Misfolding and aggregation of the amyloid b-protein (Ab) are hallmarks of
Alzheimer’s disease. Both processes are dependent on the environmental con-
ditions, including the presence of divalent cations, such as Cu2þ. Cu2þ cat-
ions regulate early stages of Ab aggregation, but the molecular mechanism
of Cu2þ regulation is unknown. In this study we applied single molecule
AFM force spectroscopy to elucidate the role of Cu2þ cations on interpeptide
interactions. By immobilizing one of two interacting Ab42 molecules on
a mica surface and tethering the counterpart molecule onto the tip, we
were able to probe the interpeptide interactions in the presence and absence
of Cu2þ cations at pH 7.4, 6.8, 6.0, 5.0, and 4.0. The results show that the
presence of Cu2þ cations change the pattern of Ab interactions for pH values
between pH 7.4 and pH 5.0. Under these conditions, Cu2þ cations induce
Ab42 peptide structural changes resulting in N-termini interactions within
the dimers. Cu2þ cations also stabilize the dimers. No effects of Cu2þ cations
on Ab-Ab interactions were observed at pH4.0, suggesting that peptide pro-
tonation changes the peptide-cation interaction. The effect of Cu2þ cations on
later stages of Ab aggregation was studied by AFM topographic images. The
results demonstrate that substoichiometric Cu2þ cations accelerate the forma-
tion of fibrils at pH 7.4 and 5.0, whereas no effect of Cu2þ cations was ob-
served at pH 4.0. Taken together, the combined AFM force spectroscopy and
imaging analyses demonstrate that Cu2þ cations promote both the initial and
the elongation stages of Ab aggregation, but protein protonation diminishes
the effect of Cu2þ.
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Introduction
Osteocytes are the spider-shape cells, embedded in the bone matrix [1]. They
are considered as the final evolution cells from the osteoblast lineage and dom-
inated in all bone cells. As they are buried into the mineralized bone matrix
and hard to access, little attention has been paid to them, in comparison of
bone surface cells, osteoblasts and osteoclasts. Traditionally, osteocytes are
thought to communicate with each other and other bone surface tissue via their
dendrites. With the development of osteocyte technology, it is believed that
this kind of cell are involved in regulating bone remodeling, such as sensing
of mechanical strains and micro-environmental conditions, to regulating oste-
oblast and osteoclast activities . More importantly, osteocyte has osteocytic
osteolysis function to control bone mineralization and phosphate reabsorption,
which is essential for skeletal health and numerous cellular mechanism. How-
ever not all of facts favor the osteocytic osteolysis proposal. The argument is
still there.
In this work, for the first time we obtained quantitative nanomechnical maps of
bone matrix around osteocytes, with novel developed dynamic nanomechanical
atomic force microscopy [2, 3]. By comparing the Young’s modulus of
different locations, extra evidence, from the mechanical point of view, to the
osteolysis function has been found.
1. Teti, A. and A. Zallone, Do osteocytes contribute to bone mineral
homeostasis? Osteocytic osteolysis revisited. Bone, 2009. 44(1): p. 11-16.
2. Dong, M. and O. Sahin, A nanomechanical interface to rapid single-
molecule interactions. Nat Commun, 2011. 2: p. 247.
3. Dong, M.D., S. Husale, and O. Sahin, Determination of protein structural
flexibility by microsecond force spectroscopy. Nature Nanotechnology, 2009.
4(8): p. 514-517.
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Mechanical sensing proteins connect with sarcomeric structures, such as the
Z-disc, which impacts cardiomyocyte mechanotransduction. The extracellular
matrix (ECM) plays a vital role acting as a passive scaffold and signaling
network.
We used atomic force microscopy (AFM) to map integrin receptor arrangement
on adult rat ventricular myocytes (ARVM) to resolve ECM coupling surface
receptor alignment with underlying sarcomere structures, particularly the
Z-discs. Plated ARVM’s were probed by an Asylum MFP-3D AFM with a sil-
icon nitride cantilever (0.1 N/m) and pyramidal tip (radius ~ 40 nm). Tip-
surface adhesion forces were measured in scanning mode through a 10 mm
X 2.5 mm (78 nm X 156 nm resolution) region. Bare gold and laminin
(10 mg/ml) coated tips were used.
Adhesion force maps from bare tip (Fig. 1 bottom) show clear banding patterns
that register with features in the bright field image (Fig. 1 top) and have1.72 mm sarcomere spacing. Peak adhe-
sion forces are generally twice as large
for the laminin coating relative to the
bare tip, indicative of surface receptor
binding. This AFM methodology offers
a tool for characterizing a pathway for
sarcomere-ECM coupling.
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Mechanical properties can be diagnostic of internal structure in a complex ma-
terial, but mechanical testing can be challenging for biomaterials, which tend to
involve small structures and relatively thin films. We present recent findings on
mechanical response in protein aggregates and thin films, demonstrating the
benefits of new methods which are non destructive and well-suited to biological
systems.
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Recently the smaller Quantum dots (Qdots) (< 10 nm) have shown improved
cellular imaging over previous generations of Qdots, however the metal content
in their formulation still hinders their progress towards translational venue.
Carbon dots (Cdots) are novel carbon based nanoparticles which have shown
promise as replacements for Qdots. However, their cellular uptake and
in vivo imaging applicability are not well-known. Herein, following our
work with other multifunctional nanoprobes and nano-delivery systems, we
have functionalized cdots and used combined atomic force microscopy
(AFM) and fluorescence imaging to show them to be of less than 10 nm in
size and equally photo-stable. Moreover, we show their cellular uptake in var-
ious cancerous, non-cancerous and stem cell types using confocal and two-
photon fluorescence imaging. Quantitative Nanomechanical mapping (QNM)
analysis via bio-AFMwas carried out to probe the cellular response in presence
of Cdots. Cdots have the potential to impact in both health and environmental
applications because of their low cost, ready scalability, excellent chemical sta-
bility, biocompatibility, colloidal stability, and resilience of PL in vivo.
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The art of learning from a biophysical interest in a scientific problem has
emerged as finding the right technical unit capable of searching the interest
and tuning the method into a subtle interrogation procedure thereby collecting
all the information possible in one single trial. This idea of multi-capable sys-
tem enamoured our interests in making such a tool capable of asking a few
questions to lipid layers and if demanded, ask more in the same test. Potential
biophysical interests in elasticity, particle clustering and hi resolution targeting
led us into making a hybrid tool capable of AFM.STED.FCS of a custom vol-
ume with a high spatial precision.
STED microscopy has been predominant as a super resolution imaging tech-
nique and when coupled to an AFM, the new hybrid modality ultimately works
with high precision capability which was described last year(1). This precision
modality steps into another level by the ability of looking into temporal fluctu-
ations by a spot variable FCS (2) in order to produce a multi questionable nano
chamber, inside your sample. This option of multi-questioning can be very use-
ful in addressing elastic measurements, diffusion characterization and sub-
diffraction targets. We also drive our measurement interests in membrane stud-
ies in nano scale in order to test drive the new hybrid and these results are dis-
cussed and presented in this work.
(1)‘‘A novel nanoscopic tool by combining AFM with STED microscopy’’,
B. Harke, J.V. Chacko, H. Haschke, C. Canale and A. Diaspro; Optical
Nanoscopy, 2012
(2)‘‘Exploring single-molecule dynamics with fluorescence Nanoscopy’’,C. Ring-
emann, B. Harke, C. von Middendorff, R. Medda, A. Honigmann, R. Wagner, M.
Leutenegger, A. Schoenle, S.W. Hell, C. Eggeling, New Journal of Physics, 2009
